Immunity against shigellosis is believed to involve local secretory antibodies (10, 11) , but both cell-mediated immunity and humoral antibodies may also be important in the mechanism of protection (1-3, 12, 14, 19) . The methods available for the direct determination of intestinal antibodies to Shigella spp. as well as to other bacterial pathogens in volunteers are cumbersome, time-consuming, and not reliable for use in large-scale studies. It is believed that after antigenic stimulation, activated B lymphocytes from Peyer's patches migrate to local lymph nodes to mature, and they later return to the intestine via the lymphatic system and blood (13) . A few studies have demonstrated the possibility of measuring the number of antibody-secreting B cells in peripheral blood following natural infection with enteropathogens or vaccination (6, 8, 9, 16, 17) . It has been proposed that the number of the antibody-secreting cells (ASCs) should be a reliable correlate of antigenic stimulation in the gut (8, 9, 17) . Since there is evidence that shigellosis confers protection against recurrent disease caused by the homologous Shigella group (5, 7) , it may be assumed that an efficient Shigella vaccine should induce, to a comparable extent, the same immune mechanisms as natural infection does. Furthermore, the number of ASCs appearing after natural infection may serve as a reliable reference criterion for evaluating the ability of a candidate Shigella vaccine to stimulate immunocompetent cells in the intestine.
The objective of the present study was to evaluate the extent of appearance of antigen-specific immunoglobulin A (IgA) ASCs in comparison with those of other serological markers following natural infection with Shigella sonnei during a common-source outbreak caused by this organism.
MATERIALS AND METHODS
Study population. The study population comprised subjects who were divided into the following three subgroups: * Corresponding author. patients with S. sonnei shigellosis, patients with non-Shigella diarrhea, and healthy control subjects.
(i) Patients with S. sonnei shigellosis. Nineteen subjects involved in a point-source outbreak of S. sonnei shigellosis that occurred in an Israel Defence Force unit were included in the study. The clinical investigation of these patients showed that all of them had diarrhea; two patients complained of abdominal cramps, nausea, and vomiting; and only one patient was febrile. None of the patients reported hematochezia.
Of the subjects with diarrhea, 11 patients with bacteriologically proven S. sonnei shigellosis and 8 patients with clinical shigellosis and a negative stool culture for Shigella spp. were examined. All the subjects were males aged 18 to 22 years.
(ii) Patients with non-Shigella diarrhea. The study group comprising patients with non-Shigella diarrhea (n = 11) included subjects who served in Israel Defence Force units other than that comprising subjects with Shigella diarrhea and who presented at their unit clinics with a complaint of diarrhea. Their stool cultures were found to be negative for Shigella spp. An episode of diarrhea was defined as more than two liquid stools in 24 h.
(iii) Healthy control subjects. The study subjects in the healthy control group (n = 20) were males and females between the ages of 18 and 22 years who served in an Israel Defence Force unit other than that affected by the outbreak. None of the subjects experienced any episode of diarrhea or had evidence of any contact with Shigella antigens during a period of 2 months prior to the time of the investigation.
Data on the presence or absence of signs or symptoms, date of onset, and a description of the feces were obtained from both symptomatic and asymptomatic subjects at the time of the investigation.
Bacteriology. Stool samples were inoculated onto MacConkey agar and xylose-lysine-deoxycholate (XLD) agar immediately after collection. In parallel, swabs with fecal matter were introduced into Cary Blair transport medium. At a central laboratory, additional culturing of samples from transport medium was done on MacConkey and salmonellashigella (SS) agars. Isolation and identification of Shigella spp. were performed by routine morphological, biochemical, and serological testing, and the strains were submitted to the Reference Laboratory of the Israeli Ministry of Health for serotyping.
LPS preparation. S. sonnei (form 1) and S. flexneri serotypes 2a and 6 isolated from the patients with shigellosis involved in the outbreaks were used to prepare lipopolysaccharides (LPSs). LPSs from all bacterial strains were prepared by the hot phenol-water method of Westphal and Jann (18) .
Serum antibodies. Sera obtained from the subjects in the study were stored at -20°C until they were tested. Serological tests were carried out by an enzyme-linked immunosorbent assay (ELISA). The ELISA was performed in microtitration plates (Costar, Cambridge, Mass.) as described previously (4) . LPSs extracted from single strains of S. Detection of ASCs. ASCs were detected by using an ELISPOT assay (16, 17) . Plates (96-well, flat-bottom, highbinding; Costar) were precoated with 100 ,ul of Shigella LPS (10 ,ug/ml in carbonate buffer [pH 9.6]) for 1 h at 37°C, blocked with PBS supplemented with 5% NBS, and washed three times with 0.05% Tween in PBS. The plates were incubated with 100-,ul double-dilution gradients of the isolated mononuclear cells in duplicate (2 x 105 to 7 x 105 cells per well as the higher concentration) in RPMI 1640 medium-10% NBS. After 3 h of incubation at 37°C in 7.5% CO2, the plates were washed three times and 100 ,ul of alkaline phosphatase-conjugated anti-human IgA diluted 1:1,000 in PBS-5% NBS was added for 2 h at 37°C. After an additional three washes, 100 ,ul of substrate-agarose was overlaid. The substrate-agarose was prepared as follows. Some 0.14 g of low-electroendosmosis agarose (Sigma) was boiled in 10 ml of barbital buffer until it was completely dissolved. Nitroblue tetrazolium (2 ml; 1 mg/ml in barbital buffer), 40 ,ll of MgCl (2 M) , and 20 ,ul of 5-bromo-4-chloro-3-indolylphosphate toluidinium (50 mg/ml in dimethylformamide) were added to 8 ml barbital buffer and heated to 56°C in a water bath. The agarose was added to the substrate mixture, and after 15 min at 56°C, the substrate-agarose was ready for use. Specific ASCs were observed after overnight incubation in the dark at room temperature and were visualized as dark blue spots. The specific ASC concentration of each sample was calculated from the dilution which gave between 20 and 50 spots Statistical analysis. The mean number of ASCs ± the standard error (SE) was calculated for each of the study groups. The statistical significance of the differences in the mean number of ASCs between the patients with S. sonnei shigellosis and the two control groups was assessed by one-way analysis of variance and the least-significant-difference procedure (15) . The same difference when only two groups were compared was tested by Student's t test.
RESULTS
The mean number of activated B cells that secreted anti-S. sonnei LPS antibodies was significantly higher in peripheral blood obtained from patients with S. sonnei shigellosis 5 to 10 days after the onset of disease (1,432.3/106 cells; SE, 602.7) than it was in patients with non-Shigella diarrhea (2.5/106 cells; SE, 1.0) and healthy subjects (5.1/106 cells; SE, 2.3) (P < 0.05) (Fig. 1) 6 .0) (P = 0.03) (Fig. 1) . No significant association was found between the specific ASC response and the severity of the disease in the group of S. sonnei patients included in this study (data not shown). The sensitivity and specificity of the activation J. CLIN. MICROBIOL. of ASCs following natural infection with S. sonnei on the basis of a single, early-convalescent-phase blood sample were calculated. The mean number of ASCs (±3 standard deviations) in peripheral blood samples obtained from healthy subjects without evidence of recent exposure to Shigella spp. served as a reference value. The sensitivity of the ASC response, which was defined as the percentage of blood samples obtained from patients with S. sonnei shigellosis (positive and negative stool cultures) with a number of ASCs higher than the cutoff value (36.3/106 cells), was 79% (15 of 19 patients). Ten of 11 patients suffering from shigellosis with a positive stool culture for S. sonnei had an anti-S. sonnei ASC level higher than the cutoff value (sensitivity, 91%). Eleven of 11 blood samples obtained from patients with non-Shigella diarrhea had anti-S. sonnei ASC levels lower than the cutoff value (specificity, 100%).
The parallel kinetics of humoral IgG and IgA antibody responses and activation of ASCs following natural infection with S. sonnei are depicted in Fig. 2 . The mean anti-LPS IgG level increased gradually from 1.1 ,ug/ml 5 days after the onset of disease to 5.7 ,ug/ml after 10 days and to 7.4 ,ug/ml on day 31 following exposure. The anti-LPS IgA level increased dramatically, from 2.5 p,g/ml on day 5 to 18.3 ,ug/ml during the second week, and decreased to 3.8 (9) were able to show such an ASC response in patients suffering from diarrhea and infected with Campylobacter jejuni, Salmonella fyiis, Salmonella enteritidis, and Salmonella typhi. Experimental challenge with S. sonnei induced a vigorous ASC response in volunteers who developed disease, and this response was found to be significantly greater than that generated by the oral bivalent S. typhi-S. sonnei vaccine (17) .
In the present study, we evaluated the extent of appearance of antigen-specific IgA ASCs compared with that of other serological markers following natural infection with S. sonnei during a common-source outbreak caused by this organism. The ELISPOT assay that was used to detect the ASC response showed a high level of sensitivity and specificity. The specificity of the assay was documented by the data showing a very low ASC response against S. flexneri serotype 2a and S. flexnen serotype 6 LPS in patients with S. sonnei shigellosis (inter-Shigella group specificity) and a similarly low ASC response against S. sonnei LPS in patients suffering from non-Shigella diarrhea. The level of cells secreting antibody against heterologous antigen in patients with S. sonnei shigellosis was, however, slightly higher than the anti-S. sonnei LPS ASC level detected in the unexposed control population. This may be explained by a vigorous polyclonal activation which occurred during the primary infection.
Previous data showing that shigellosis confers protection of unknown duration against disease caused by homologous Shigella organisms (5, 7) and the assumption that an efficient Shigella vaccine must induce an immune response comparable to that induced by natural infection indicate that measurement of the ASC response should be a part of the evaluation of candidate Shigella vaccines. Kantele et al. (8) were impressed by the validity (sensitivity and specificity) and the magnitude of the ASC response following infections caused by several enteropathogens such as C. jejuni, S. ffyris, S. entenitidis, and S. typhi and indicated the potential use of this assay as a diagnostic tool. This idea was confirmed and broadened by our data showing that the ASC response to S. sonnei LPS is highly sensitive and specific and is easily detected within 5 days after the onset of disease, which is much earlier than antibodies in serum are detected. From this point of view, further investigations should focus on a systematic study of the sensitivity and specificity of the assay in patients who are closer to the acute stage of the disease. A simplification of the original procedure of the ASC assay will enable investigators to take advantage of this test's applications in large-scale studies.
